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(54) LYOPHILIZED HGF PREPARATIONS 

(57) The invention relates to a lyophilized HGF 
preparation prepared by lyophilizing an aqueous solu- 
tion containing HGF, and a lyophilized HGF preparation 
containing a stabilizer, sodium chloride, a buffer, and/or 
a surface active agent According to the invention, HGF 
can be stabilized, and it can be stored for a long period. 
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Description 
TECHNICAL FIELD 



5 <*epl£^ 

bilizer. sodium chloride, buffer or surface active aoe* £ iSJ k preparaton containing at least one of sta- 
that can be stored for a long peri* 9 ™* ,nVent '° n h6nCe presents a stabili2ed Preparation of HGF 

io BACKGROUND ART 

terns having hepatocyte growth activity are collectively HGF 6 ,nVent, ° a th6Se known pr °- 
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fibroid, agent for liver diseZagentforaSo'nSb^ ^ for ^ disease ' a 9 ent ,or ,un 9 
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Japanese -Cn ^^ No. , 56 ?s, 
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istence of basic amino acids and HGF (TCF) pre P ara * on ha ™9 HGF contained at high concentration by coex- 

iq q ^ 6 ?hl a !f Pr0t , ein iS n0t S ° Stab ' e in freezin9 operation ( pratei ". Nucleic Acid. Enzyme (Japan) 37^ 1517 



45 animal drugs 

DISCLOSURE OF THE INVENTION 



In the lyophilized HGF preparation of the invention. HGF is stabilized and can be stored for a long period. 
55 The Best Mode for carrying out the Invention 
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Various methods are known for preparing HGF. For example, HGF can be obtained by extraction and purification 
from organs (e.g. liver, spleen, lung, bone marrow, brain, kidney, placenta, etc.), blood cells (e.g. platelet, leucocyte, 
etc.), serum and plasma of mammals such as rat, cow, horse, sheep and the like (see FEBS Letters, 224. 312, 1987; 
Proc. Natl. Acad. Sci. USA, 86, 5844, 1989, etc.). 

s Also, it is possible to obtain HGF by cultivation of primary culture ceils or cell lines producing HGF, followed by sep- 

aration and purification from the culture product (e.g. culture supernatant, cultured cell, etc.). Further, HGF can be 
obtained by gene engineering method which comprises cloning the gene coding HGF with a proper vector, inserting it 
into a proper host cell to give a transformant, and separating the desired recombinant HGF from the culture supernatant 
of the transformant (e.g. Nature, 342. 440, 1989, Japanese Laid-open Patent No. 5-111383. Biochem. Biophys. Res. 

10 Commun., Ifia, 967, 1989). The host cell is not specifically limited, and various host cells conventionally used in gene 
engineering methods can be used, which are, for example, Escherichia coli, Bacillus subtilis, yeast, filamentous fungi, 
and plant or animal cells. 

More specifically, the method of extracting and purifying HGF from live tissues is, for example, to administer carbon 
tetrachloride to a rat intraperitoneally, remove a liver from the rat with hepatitis, grind it, and purify by the ordinary pro- 
ofs tein purifying technique such as gel column chromatography using S-Sepharose and heparin Sepharose, HPLC and 
the like. 

Further, by the gene engineering method, the gene coding the amino acid sequence of human HGF is cloned into 
6 a vector such as bovine papilloma virus DNA and the like to obtain an expression vector, and by using this expression 
vector, animals cells such as Chinese hamster ovary (CHO) cells, mouse C127 cells, monkey COS cells and the like 
20 are transformed, and HGF can be obtained from the culture supernatant of the transformants. 

In thus obtained HGF, a part of the amino acid sequence of HGF may be deleted or substituted by other amino 
acid(s), another amino acid sequence may be inserted, one or more amino acids may be bonded to the N terminal 
and/or C-terminal, or saccharide chain(s) may likewise be deleted or substituted, providing it has substantially the same 
effect as HGF. 

25 The "lyophilized HGF preparation" refers to a preparation prepared by lyophilizing an aqueous solution containing 
HGF by use of an ordinary lyophilizing method. 

The "stabilizer" includes amino acids (e.g. glycine, alanine, etc.), polysaccharides (e.g. heparin, dextran sulfate, 
etc.), sugar alcohols (e.g. sorbitol, mannitol, etc.) and the like, and two or more types thereof may be used simultane- 
ously. The lyophilized HGF preparation prepared by adding the stabilizer is a preparation further increased in storage 

30 stability of HGF. Preferred stabilizers are glycine, alanine, sorbitol, mannitol, and dextran suifate. For example, a pre- 
ferred adding amount of glycine, alanine, sorbitol or mannitol is 0.01 to 100 times by weight of the weight of HGF, and 
more preferably 0.1 to 10 times by weight. 

The "buffer" includes, for example, phosphate buffer and citrate buffer. The buffer acts to adjust the pH of the aque- 
ous solution after re-dissolving, and keep the solubility of HGF. That is, for example, in the case of the recombinant HGF 

35 used in Examples, the solubility of HGF varies with the pH, and the solubility is about 0.1 to 5.0 mg/ml around pH 7, but 
the solubility is over 20 mg/ml around pH 5, and therefore it is preferred to keep the pH around 5.0 to 6.0. A preferred 
buffer is a citrate buffer, and more preferably sodium citrate buffer is used. This citrate buffer also contributes to stabili- 
zation of HGF in an aqueous solution after re-dissolving. A preferred range of adding the buffer is, for example, 1 to 100 
mM to the amount of water after re-dissolving. 

40 The "surface active agent" includes, for example, polysorbate 20, polysorbate 80, pluronic F-68, and polyethylene 
glycol, and two or more types thereof may be used simultaneously. A particularly preferred surface active agent is polys- 
orbate 80. It is known that HGF is likely to be adsorbed on a container material such as glass and resin. Therefore, by- 
adding a surface active agent, adsorption of HGF after re-dissolving to the container is prevented. A preferred range of 
adding amount of surface active agent is 0.001 to 2.0% by weight, for example, to the weight of water after re-dissolving. 

45 The "sodium chloride" acts to keep solubility of HGF. That is. for example, in the case of recombinant HGF used in 
Examples, the solubility is enhanced by adding sodium chloride, and the solubility is notably increased in particular at 
300 mM or more (Japanese Laid-open Patent No. 6-247872). An amount of addition of sodium chloride is limited by the 
osmotic pressure ratio, but it may be an amount showing an osmotic pressure ratio of injection preparation for general 
use. In particular, the osmotic pressure ratio is preferred to be 1 to 2 which is permitted as the osmotic pressure ratio 

so of injection for medical treatment or animal drug, and it is preferred to add, for example, by 1 50 to 300 mM to the amount 
of water after re-dissolving. 

The lyophilized HGF preparation is prepared by lyophilizing an aqueous solution containing HGF by an ordinary 
lyophilizing method. For example, HGF is dissolved in a proper solvent (for example, sterilized water, buffer, physiolog- 
ical saline, etc.), filtered through a filter to be sterilized, and, if necessary, stabilizer, buffer, surface active agent, sodium 
55 chloride and others may be added, and the mixture is lyophilized. The preparation of the invention may contain additives 
necessary for pharmaceutical manufacturing, for example, a dissolving aid, an antioxidant, a pain-alleviating agent, an 
isotonic agent, and the like. The lyophilizing method may comprise three unit operations, for example. (1) a freezing 
step of cooling and freezing under ordinary pressure, (2) a first drying step of sublimating and drying free water not 
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lyophilizing. and in an aqueous solution bv reSSn^ *«^vV Y 6 Whe " pre P arin 9 a solution, when 
er.yadiusted depend^ 

The lyophilized preparation is used by adding distiiled water for injection and reviving, before use. 
INDUSTRIAL APPLICABILITY 



JO 



The lyophilized HGF preparation of the invention can stabilize HGF, and can be 
EXAMPLES 



stored for a long period. 



» in the publlSlion of TO SOflOKT^f^ <'~""™> aod <«kta type HGF, also knowo os TCFII) Oisclosed 
Example 1 

Preparation of Ivophilirai Hfi F preparation 

ution, 
prep- 



25 



: ■"^.w C auuu.ui7opoiysorDate80, HGF was dissolved 



30 



Table 1 









First drying step 






5-> -40 


-40 


-40 -»0 


0 


0-> 20 


20 


Time (hr) 


1 


10 


8 


24 


1 


24 


Pressure (mmHg) 


760 


760 


<1 


<1 


<1 


<1 



35 Example 2 

Preparation of IvophilizpH HPi F preparation 

« (PH JJfSSK Preparati ° n W3S 0Wained * «*» 10 mM titrate buffer ( P H 6.0) instead of 10 mM citrate buffer 
Example 3 

Preparation of Ivoohilizgri H GF prep aration 

buffeC JS^.S5T , ° n ^ ° btained ^ USi " 9 10 mM PhOSphate <" H 6 °) instaad * 10 mM citrate 
Example 4 

Preparation of Ivophilirat Hr y preparation 

u iptK? Exa^ 3 ^ 0 " ^ ° bta,ned ^ ^ 10 mM PhOSphat6 buffer <* H 7 0 > instead <>f 10 mM , 



45 



50 



buffer! 



I citrate 
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Examples 

Preparation of Ivophilized HGF preparation 

5 in 10 mM citrate buffer (pH 5) containing 300 mM sodium chloride and 0.01% polysorbate 80, HGF was dissolved 

by 20 mg/ml. In succession, glycine was dissolved by 50 mg/ml, and a dissolved solution of HGF was obtained asepti- 
cally. After adjusting the pH of the dissolved solution, It was aseptically charged into a vial, and lyophilized in the same 
condition as in Example 1 and a lyophilized HGF preparation was obtained. 

10 Example 6 

Preparation of Ivophilized HGF preparation 

A lyophilized HGF preparation was obtained by using alanine instead of glycine in Example 5. 

Example 7 

Preparation of Ivophilized HGF preparation 

20 In 10 mM citrate buffer (pH 5) containing 300 mM sodium chloride and 0.01% polysorbate 80, HGF was dissolved 
by 20 mg/ml. In succession, sorbitol was dissolved by 200 mg/ml, and a dissolved solution of HGF was obtained asep- 
tically. After adjusting the pH of the dissolved solution, it was aseptically charged into a vial, and lyophilized in the same 
condition as in Example 1 and a lyophilized HGF preparation was obtained. 

25 Example 8 

Preparation of Ivophilized HGF preparation 

In 10 mM citrate buffer (pH 6) containing 300 mM sodium chloride and 0.01% polysorbate 80, HGF was dissolved 
30 by 10 mg/ml. In succession, dextran sulfate was dissolved by 50 mg/ml, the pH was adjusted, and a dissolved solution 
of HGF was obtained. It was then charged into a vial, and lyophilized in the same condition as in Example 1 and a 
lyophilized HGF preparation was obtained. 



35 



40 



45 



Example 9 

Preparation of Ivophilized HGF preparation 

A lyophilized HGF preparation was obtained in the same manner as in Example 1 , except by using 10 mM citrate 
buffer (pH 6.0) instead of 10 mM citrate buffer (pH 5.0), and regulating HGF concentration at 10 mg/ml. 

Test example 1 

Effects of lyophilizing process on biologic al activity of HGF 



To observe changes in biological activity of HGF in the lyophilizing process, using HGF aqueous solution before 
lyophilization and HGF aqueous solution re-dissolved directly after lyophilization in Example 1 , the biological activity of 
HGF was measured (the measuring method of biological activity is shown below). The results are shown in Table 2. 
Since the specific activity was not changed before and after lyophilization, it is shown that the biological activity of HGF 
is not inactivated by the lyophilizing process and re-dissolving, which suggests that HGF is usable as a lyophilized prep- 
50 aration. 



Measuring method of bio logical activity 



Hepatocytes obtained by liver perfusion of male Wistar rats were purified, and, after confirming the cell survival 
55 rate, seeded on a plate at 1 xl0 4 /well. After pre-incubation for 20 hours in 5% carbon dioxide incubator, HGF sample 
and standard sample were added (n=3). After further pre-incubation for 24 hours in 5% carbon dioxide incubator, [ 3 H- 
thymidine] was added to label for 2 hours. Cells were collected by a cell harvester, and the amount of [ 3 H] taken into 
cells was measured. Results of measurement were verified by a parallel line calibration method, and the specific activity 
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Table 2 



w 



15 



20 



Biological activity before and after lyophilization 


Sample 


Specific activity 


Solution preparation before lyophilization 


0.89 


Lyophihzed preparation immediately after re-dissolving 


0.94 



Test example 2 

Properties after <jissoivinn ivophiiizflri P r apa r fl t j» n 

Lyophilized preparations prepared in Examples were stored for 1 month at -40°C. 25»C and 50°C and dissolve 
h! Z iLT ! ,1 m Table 3 - When stored at - 40 ° c or 25 ° c - 1"** Preparations of all Examples were sta- 



Table 3 



25 



30 



35 



Properties after dissolving lyophilized 
preparations (stored for 1 month) 



Preparation 


Properties 




-40°C 


25°C 


50°C 


Example 1 


Clear 


Clear 


Turbid 


Example 5 


Clear 


Clear 


Clear 


Example 6 


Clear 


Clear 


Clear 


Example 7 


Clear 


Clear 


Clear 



40 



45 



50 
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Test example 3 

Pplymer content chang es in lyophilized prep arations 

Anor ^^^^^^J^^ in B<amp,eS 1 ' 5 " 6 and 7 were for 1 month or 2 months at -40*C. 25°C 
S u° f P ° ,ymer C ° ntent and content contained in the lyophilized preparations were 

measured. The measuring method is the gel filtration method as explained below. Results are shown in Table 4 and 
Table 5. Regardless of the storage temperature, a polymer production was low in the preparations oJaJ Lmples and 

sta H b !h e physica,,y : ,n particu,ar ' the productlon was *«™*y ™* - the SSSTS 

Examples 5, 6 and 7, and the preparations were stable physically. 
Measuring method of polymer content 

meth T £ e COnCentrati ° n ° f HGF was di,uted to 2 m 9 /m, » and ™* measured in the following conditions by the gel filtration 

Column : TOSOH TSK G-3000SW XL (00.78x30 cm) 
Flow velocity : 0.5 ml/min 
Detection : OD 280 
Temperature : 25°C 

Carrier : 1 0 mM Tris, 1 50 mM NaCI, 0.05% SDS, pH 7.0 
Application : 20 nl 
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Retention time of polymer : 13.0 min 
Retention time of HGF : 14.4 min 



s Table 4 



Polymer content/HGF content in lyophilized prepara- 
tions stored for 1 month 




-40°C 


25°C 


40°C 


50°C 


Example 1 


1.07% 


1.59% 


2.76% 


6.17% 


Example 5 


0.92% 


1.39% 


1.83% 


4.09% 


Example6 


0.93% 


1.54% 


1.81% 


2.90% 


Example 7 


0.90% 


1.35% 


2.57% 


6.64% 



• Table 5 



Polymer content/HGF content in lyophilized prepara- 
tions stored for 2 months 




-40°C 


25°C 


40°C 


50°C 


Example 1 


0.92% 


1.44% 


3.91% 


12.23% 


Example 5 


0.88% 


1.21% 


2.49% 


7.49% 


Example 6 


0.85% 


1.10% 


1.96% 


5.76% 



30 Test example 4 

Effects of d extran sulfate on polvmer production 

The lyophilized preparation prepared in Example 8 was stored for 1 month at 50°C, and the ratio of polymer content 
35 and HGF content contained in the lyophilized preparations were measured. The measuring method was same as in 
Test example 3. As a comparative example, the lyophilized preparation of Example 9 prepared in the same composition 
and method except that dextran sulfate was not contained was used and tested similarly. The results are shown in Table 
6. As shown in Table 6, by adding dextran sulfate, it has been found that the polymer production was low even if stored 
at high temperature, and that the stability is enhanced. 



Table 6 



Polymer content/HGF content of lyophilized preparations 




Before start of storage 


After storage for 1 month 






at 50°C 


Example 8 


2.46% 


9.45% 


Example 9 


1.78% 


14.01% 



so 

Test example 5 

Changes of bi ological activity of ly ophilized preparations 

55 Lyophilized preparations prepared in Examples 1, 5, 6 and 7 were stored for 1 month or 2 months at -40°C, 40°C, 
50°C and 60°C, and the biological activity of the agueous solution after re-dissolving the lyophilized preparations was 
measured by the biological activity measuring method shown in Test example 1. The results are shown in Table 7 and 
Table 8. The initial values of biological activity of agueous solutions after re-dissolving the preparations in Examples 1 , 
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S=HS=5S=- 

Table 7 



w 



15 



\ Biological activity of lyophilized preparations stored for 1 month 




(specific activity) 






•40°C 


40°C 


50°C 


60°C 




0.9610.13 


0.92±0.13 


0.81±0.07 


0.5410.05 


Example 5 


0.8010.14 


0.9910.10 


0.8010.16 


0.7210.03 


Example 6 


0.92+0.14 


1.0210.06 


0.94±0.08 


0.7810.03 


Example 7 


0.92±0.02 


0.9710.04 


0.8310.06 





20 



Table 8 





Biological activity of lyophilized preparations stored 
for 2 months (specific activity) 


25 




-40°C 


40°C 


60°C 




Example 1 


1.1410.14 


0.9810.01 


0.4610.09 




Example 5 


0.9510.05 


0.8410.09 


0.5710.01 


30 


Example 6 


1.1110.14 


1.0910.03 


0.5210.02 



35 



40 



Claims 

1. A lyophilized HGF preparation. 

2. The lyophilized HGF preparation of claim 1 , wherein the preparation contains a stabilizer. 

3. The lyophilized HGF preparation of claim 2 ( wherein the stabilizer is glycine, alanine, sorbitol, 
suiTate. 



mannitol, or dextran 



4. The lyophilized HGF preparation of any one of claims 1 to 3, wherein the preparation contains a buffer. 

5. The lyophilized HGF preparation of claim 4. wherein the buffer is a citrate buffer. 

45 6. A lyophilized HGF preparation which contains a stabilizer, sodium chloride, a buffer, and a surface active agent. 



50 



55 
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